The aims of this study were to determine 24 h blood step-wise regression with age, gender, weight and height showed age to be the best predictor of variation pressure (BP) levels in a sample taken from a normal British population, and to investigate factors contribuin office BP and awake and asleep diastolic BP. However, age accounted for only a small amount of the variting to variation within the sample. Two hundred and eighty-two Caucasian subjects, with no known hyperation and did not contribute towards the variation in systolic BP. 
Introduction
vide more detailed information including out of hosHypertension is common in the general population pital BP. and it is known that standard blood pressure (BP)
The development of reliable non-invasive ambumeasurements by cuff are of value in large populatory BP recorders has provided a tool to allow mullations but may be unreliable in individuals. 1 Long tiple BP measurements to be made over a period of term epidemiological data are available relating BP time, usually 24 h. Twenty-four hour BP monitoring to risk 2, 3 but the inherent variability of BP and the has been shown in longitudinal studies to be better so-called 'white-coat' response often make clinical than office BP in predicting cardiovascular risk, and decision-making in patients with 'borderline' hyperin cross-sectional studies to correlate more closely tension difficult. 4 with markers of target organ damage than office In an attempt to address these difficulties, guide-BP. 9, 10 lines based on sphygmomanometric BP have been Using 24 h BP within a clinical framework developed. 5, 6 These recommend that patients are requires judgement as to whether the results from a managed according to the level of BP measured on patient are within pre-defined levels of normality. a number of occasions, usually over a 3-6 month Although data on 24 h BP in normal subjects have period, using a standard protocol. Other factors been published from mainland Europe, [11] [12] [13] [14] North taken into account are the presence of coexisting America, 15-17 Eire, 18 and Japan 19 we are not aware risk factors and/or presence of target organ damage, of any study performed in the UK. particularly left ventricular hypertrophy. Whilst
The aims of this study were to determine 24 h BP these guidelines are useful in planning the clinical levels in a sample taken from a British population, management of patients, the technical inaccuracies and to investigate factors contributing to variation of this method of measurement (including observer within the sample. These data would then be combias, terminal digit preference, inadequate training pared with the results from studies in other groups and poorly maintained inaccurate equipment) 7, 8 and of subjects and recommendations for the upper limit the inherent variability of BP suggest that multiple of normality made on the basis of the results. These data would be particularly useful in the assessment of both patients with suspected hypertension or The following measurements were derived from male and female, age range 16-68 years, were each recording: overall (mean of all measurements), recruited to the study by two methods, incidental awake (mean of all awake measurements) and asleep and systematic sampling. All subjects had no history (mean of all asleep measurements) BP and heart rate. of cardiovascular disease, stroke, angina or myocarDiurnal change (difference between awake-asleep dial infarction and were not currently receiving anti-BP expressed as % of awake BP) was calculated. hypertensive treatment. Other conditions excluded were thyroid gland disorders, pregnancy, substance abuse including alcohol dependency, and a history Results of mental illness. Subjects on medication known to One hundred and forty-nine subjects volunteered for affect BP directly were also excluded.
the study and comprised the incidental sample. The incidental sample was recruited from local Four hundred and forty-six subjects were identified industry on a volunteer basis. The systematic samfor the systematic sample, 307 subjects were invited ple was recruited from the register of a local general to take part: 167(54%) responded and 133 (43%) practice taking every 10th person, aged 16-68 years, agreed to take part. The results from 12 subjects until the target number of 130 subjects had been were excluded. Seven subjects did not complete the reached.
full 24 h of recording, removing the recorder after a short period, and in five subjects the technical qualStudy protocol ity of the recording was poor due to failure of the microphone or excessive arm movement. These Subjects were studied according to a standard protocol. Lifestyle was documented by an investigator problems were not isolated to subjects with large circumference arms. administered questionnaire designed specifically for the study. Social class, family history (of stroke,
Comparison of subjects sampled by incidental (n = 149) and systematic (n = 133) methods showed the myocardial infarction or raised BP in father, mother, brother, sister Ͻ70 years of age) occupational class, groups to be of similar age (37.6 vs 40.9) with no difference in gender, height or weight. There were smoking status, alcohol consumption and exercise frequency were documented. A clinical history was also no statistically significant differences in office systolic BP or 24 h BP. A small (72.7 vs 77.5 taken for chest pain, breathlessness, previous major illnesses, and current medication. Demographic data mm Hg), statistically significant difference in office diastolic BP, P Ͻ 0.01) was found. The data from including age, gender, weight and height were recorded.
each group were combined and subsequent analysis undertaken as one group (n = 265). Office BP was measured three times with the subject seated, after a 5-min rest, by a single investigator
The group comprised 134 males, 131 females. The mean age was 39 (16-68 years), height 1.71 (1.51-using a standard, calibrated, mercury manometer allowing 1 min between each measurement. The 1.96 cm) and weight 71.2 (44.5-133.4 kg). A positive family history was present in 44%, 42% were curmean of three measurements was taken as the office BP. rent or ex-smokers and 44% took no exercise in an average week. Social classes 1 and 2 represented Twenty-four hour non-invasive ambulatory BP monitoring was undertaken using the Medilog ABP 50% of the sample. Twenty-two female subjects were currently taking an oral contraceptive. BP recorder (Oxford Medical Systems Ltd, Oxford, UK). This device has been validated according to
The results for office and 24 h ambulatory BP are summarised in Table 1 . Office BP was higher than AAMI standards. 20, 21 The microphone was secured over the non-dominant brachial artery and the cormean awake BP in the majority (96%) of subjects. Sleep quality was reported as good or average in rect size of cuff applied. Accuracy to ±6 mm Hg was determined prior to each recording by simultaneous 79% of subjects. The mean diurnal fall was −18.2(9.0) for systolic and −14.9(6.6) for diastolic BP measurement. The recorder was set to measure BP and heart rate at 15-or 30-min intervals and sub-BP. The number of subjects showing a fall of у10% was 83% for systolic BP and 87% for diastolic BP. jects returned to their normal daily activities and completed a diary card for the duration of the recording. On completion of the recording (24 ± 1 h) Figure 2 .
Discussion
Ambulatory BP is now widely used in primary and secondary health care settings, and a simple method of defining normality is helpful in the interpretation of the recording. 22 Twenty-four hour BP monitoring is well tolerated, but in the present study seven subjects did not complete the 24 h and in five subjects the quality of the recording was poor. Therefore, it must be appreciated that, whilst this technique is appropriate for use, a minority will not tolerate the procedure and there will be occasions when the technical quality will be poor and the recording might have to be repeated.
A number of studies designed to measure 24 h ambulatory BP in normal populations have been published; most have recruited a sample from a specific group within a population 14,15,17,18 although others have undertaken population-based studies. 11, 13, 19 The study from the population of Monza 11 provided detailed information regarding BP measured by sphygmomanometric, home and ambulatory methods in 1438 subjects. However, levels of BP in apparently healthy subjects will vary between popu- hereditary and dietary factors, and the level of primary health care in the identification of patients with hypertension and other cardiovascular diseases There were no differences in age but the males will be different in different populations. were taller and heavier. The males had a small but
The BP results from this study in Derby were significantly higher mean office and awake BP but lower than those reported in other studies, includthere were no significant differences in asleep BP as ing the international database 23 and meta-analysis of shown in Figure 1 .
23 studies. 24 There may be a number of explanations Multiple step-wise regression with age, gender, for these differences. The subjects in the Derby weight and height showed age to be the best predicstudy were similar in age and social class to those tor of variation in office BP and awake and asleep attending the hypertension clinic (unpublished diastolic BP. However, age accounted for only a data), but the subjects had a lower average age than small amount of the variation and did not contribute those in the other studies and included fewer subtowards the variation in systolic BP. These results jects over 60 years of age. 11, 18, 19 Additionally, whilst are shown in Table 2 .
not setting out to exclude those with borderline/mild untreated hypertension, only 2% of Ambulatory BP monitoring is not used in isolation but as part of the overall assessment of a patient. SBP = systolic blood pressure; DBP = diastolic blood pressure. *P Ͻ 0.05; **P Ͻ 0.01.
However, the clinician needs to make a decision as to whether drug therapy is needed or if current drug This supports our finding that BP elevation in the therapy is working, and the ability to relate average elderly is of clinical significance rather than a values from 24 h monitoring to normal values is usebenign physiological phenomenon. Gender differful in these situations. The method of defining an ences in BP have also been identified in this and upper normal limit has varied between studies, other studies, but there are few data available to some being based on the 95th centile 13,18,22 and some demonstrate whether this difference affects long on 2 s.d. 24 However, in a normal distribution these term outcome. 28, 29 two measures are likely to give close agreement. It is therefore felt that a prediction of normality Both of these methods allow the definition of an that does not take account of age and gender would arbitrary cut-off point which may misclassify be more appropriate. This approach is also suppatients. An alternative approach is to calculate the ported by epidemiological data based on office BP, BP load, that is ambulatory BP values corresponding which demonstrates that the incidence of stroke to the accepted upper limit of normality of clinic BP rises at all BP levels independently of age, and there (140/90 mm Hg). 11, 25 This approach has produced is some evidence to support similar findings with values that are lower than those from studies based ambulatory BP. 9 on the 95th centile or 2 s.d. However, ambulatory To date, no consensus view has been reached on BP monitoring will not be used in isolation but as which is the best method to define the upper and part of the overall assessment of the hypertensive lower limit of normality. The use of the 2nd stanpatient and we have used the 2 s.d. upper limit to dard deviation or 95th centile are the most widely define the upper limit of normality.
used and provide a basis for decision-making. It is Some studies have suggested that the definition of proposed that the 2nd standard deviation value for the upper limit of normality should take into awake BP of 136/86 mm Hg be used to define the account age and gender.
14,18 However, whilst the upper limit of normal. It is, however, recognised that increase in clinic BP with age is well documented, the decision to initiate anti-hypertensive medication this and a number of other studies have shown that will not be based on BP alone (whether measured in the association between ambulatory BP and age is the office by a standard mercury sphygmomannot as marked. 19, 23 In addition, a number of randomometer or out of hospital by an ambulatory BP ised controlled studies undertaken in the 1980s and recorder) but will also take into account overall car1990s have clearly shown that, up to the age of 80, diovascular risk. 30 treatment results in a reduction in cardiovascular mortality, particularly the incidence of stroke. 
